The automated Bioscreen C system was used for growth of four Mucor hiemalis strains isolated from the soil in the Juréia-Itatins Ecology Station (JIES), São Paulo state, in liquid culture media containing different carbon (2%) and nitrogen (1%) sources, pH 5.0, at 25ºC, and agitated at 150 rpm for 5 days. The medium containing only one nitrogen source had been added with 2% glucose. The readings were taken at λ = 540 nm, at 2-hour intervals, up to five days. The results were compared using the Friedman Test (α = 5%). The best growth was obtained for strains M1, M2 and M3, reaching the log phase in 60 hours. The best carbon sources varied according to the strain, and yeast extract proved to be the best nitrogen source. Sodium acetate inhibited the growth of the four strains, being the M3 strain the most affected. The use of the automated system was very convenient for cultures in liquid media, as it is rapid and automated, providing a good technique for determination of the optimal environmental factors for growth of the filamentous fungi.
INTRODUCTION
Turbidimetric methods have been used to generate kinetic data for modeling by fitting non-linear regression functions to optical density (OD) (6) . A rapid, more detailed test can be developed using Bioscreen, an automated system to measure microbial growth. This equipment has been used for many applications in microbiology, including basic research (1) , studies on the effects of chemical compounds on the growth of microorganisms (5) , quality control of culture media (3) and food products (6) , determination of the lag time of individual cells (10) , and others. The software converts kinetically measured optical density (OD) data into growth curves. The Bioscreen sample plates are sterile, disposable and can take up to 200 samples per test, enabling replication to be easily performed. This method eliminates the need for time consuming serial dilutions whilst also reducing the amount of test materials required.
During previous studies carried out at the Juréia-Itatins Ecology Station (JIES) in São Paulo, Brazil, aiming to improve knowledge on the biodiversity of the microbiota in the soil (9), 112 fungi species were isolated and are currently being studied with respect to their potential for producing macromolecules of interest to medicine and industry. Some of these strains present potential for production of enzymes, such as xylanase, and fatty acids, including λ-linolenic acid (GLA) (7) .
The objective of the present study was to verify the effect of different carbon and nitrogen sources and pH on the growth of four strains of Mucor hiemalis isolated from the soil at the Juréia-Itatins Ecology Station (JIES), State of São Paulo, Brazil (9) , employing the automated Bioscreen C system to measure these effects.
MATERIALS AND METHODS

Inocula
Four strains of Mucor hiemalis (M1, M2, M3 and M4) isolated from the soil in the Juréia-Itatins Ecology Station, SP, Brazil, at a depth of 0 -15 cm (7) , were stored at 4º C in test tubes containing malt extract medium. The inocula used in the study comprised , counted in a Neubauer chamber, in a 0.85% NaCl solution.
Bioscreen C technique
The strains were cultivated in the automated Bioscreen C system (Lab systems Helsinki, Finland), using a culture medium with 2% single carbon source or 1% single nitrogen source. As carbon sources, sodium acetate, fructose, galactose, glycerol, glucose, lactose, maltose, sucrose, sorbitol, or xylose were used. The nitrogen sources included yeast extract, peptone, ammonium sulfate, or potassium nitrate. In the culture media with a single nitrogen source, 2% glucose was used as the carbon source. The working volume in the wells of the Bioscreen plate was 400 µL, comprised of 360 µL of culture medium and 40 µL of spore solution. The temperature was controlled at 25ºC, and the optical density of the cell suspensions was measured automatically at 540 nm in regular intervals of 2h, for five days. Before each measurement, the culture wells were automatically shaken for 60 seconds. The experiments were carried out in quadruplicate. The control tubes contained the tested culture medium without inoculum. The data were analyzed using a spreadsheet software (Excel 97) and calculating the averages of the quadruplicates for each type of culture medium. The averages were used to generate the growth curves for each strain studied, constructed as a function of the incubation time and the absorbancy of the culture medium, with the data plotted in 20-hour intervals. The results were submitted to the Friedman Test (11), with 5% as significance level.
RESULTS AND DISCUSSION
Despite belonging to the same species, the four strains of Mucor hiemalis differed with respect to their growth capacity in the same carbon or nitrogen source in Bioscreen C. The results for the growth of strains M1, M2, M3, and M4 in the various culture media are presented in Figs. 1 to 3.
For each type of culture, the correspondent control indicated secondary contamination and provided correct interpretation of the microorganisms' growth in the culture medium. The occurrence of contamination may be explained by the growth speed of filamentous fungi usually slower than yeasts and bacteria. While the maximum number of bacteria or yeast is reached at 6 hours of cultivation due to the rapid and easy growth in liquid culture media (3), the Mucor strains reach the log phase at approximately 60 hours of culture.
The automated Bioscreen C system proved to be very convenient for obtention of cultures in liquid media, because it is rapid and automated, providing a good technique for the determination of the optimal environmental factors for growth of filamentous fungi, or to investigate their potential to produce fatty acids.
Bioscreen C was also used to test the ability of food-related Penicillium species and Geotrichum candidum grown on Czapek Dox and brie agar to suppress growth of pathogenic bacteria, using the same incubation conditions used in the present study (t = 30ºC and λ = 600 nm). The results demonstrated that the automatized system was excelent for antagonistic activity test (4) .
Another study used Bioscreen C to compare the growth of mutants and wild-type strains of Rhodobacter sphaeroides in synthetic media containing lactic acid and in media resulting from the acidogenic fermentation of fruit and vegetable wastes. The work demonstrated the feasibility of the use of engineered microorganisms to improve biohydrogen photo production using waste-derived substrates (2) .
The results of the present study showed that sodium acetate, used as a single carbon source in culture medium, was a growth inhibitor for the Mucor strains. The Friedman test rejected the equality of the groups for each strain. It was possible to verify that the strains formed distinct groups according to the culture media: M1 formed 5 groups, M2 formed 6 groups, M3 formed 4 groups, and M4 formed 7 groups (5% significance). The Friedman test demonstrated that the differences in the growth of M1, M2 and M3 strains in different nitrogen and carbon sources were not significant. Only growth of the M4 strain was statistically different when compared to the other strains ( Table 1) .
The best carbon source for growth depended on the strain. For strains M1, M2 and M3 the best nitrogen source was yeast extract, and for strain M4 peptone was the best nitrogen source. The media containing potassium nitrate or ammonium sulfate Table 1 . Statistically significant differences (*), in α = 5%, for groups comparison of Mucor hiemalis strains, through the Friedman Test.
Nutritional
Mucor hiemalis strains Sources M1M2 M1M3 M1M4 M2M3 M2M4 M3M4 Ammonium sulphate * * * * * Fructose *resulted in little growth of all strains. The M4 strain showed better growth than the other strains in medium containing glucose or maltose as the only carbon source. The carbon sources that caused better growth of the strains were: strain M1: fructose, galactose, glycerol, lactose, sorbitol and xylose; M2: sorbitol and sucrose and M3: fructose, galactose, glycerol, lactose and maltose; M4: galactose, glycerol and sorbitol. The results demonstrate that the four strains of Mucor hiemalis grow differently in different carbon and nitrogen sources under the same culture conditions. The best sources of carbon depended on the strain, while yeast extract proved to be the best nitrogen source for growth of all strains. The automatized Bioscreen C system facilitated the choice of the best nutritional source, saving time and amount of reagents. 
RESUMO
Uso do Bioscreen C para crescimento de Mucor hiemalis em diferentes fontes de carbono e nitrogênio O sistema automatizado Bioscreen C foi utilizado para o crescimento de quatro linhagens de Mucor hiemalis, isoladas do solo da Estação Ecológica de Juréia-Itatins (EEJI), estado de São Paulo, em meios líquidos com uma única fonte de carbono (2%) ou de nitrogênio (1%), pH 5,0, a 25ºC, e agitação de 150rpm por 5 dias. O meio com somente uma única fonte de nitrogênio foi adicionado com 2% de glicose. As leituras de densidade óptica foram realizadas a 540nm, em intervalos de 2h, por cinco dias. Os resultados foram analisados estatisticamente com o Teste de Friedman (α = 5%). Os melhores crescimentos foram obtidos com as linhagens M1, M2 e M3, que atingiram o início da fase log em 60 horas de cultivo. As melhores fontes de carbono variaram de acordo com a linhagem estudada, e extrato de levedura provou ser a melhor fonte de nitrogênio para todas as linhagens. Acetato de sódio inibiu o crescimento das quatro linhagens, sendo a M3 a mais afetada. O uso do sistema automatizado foi muito conveniente para as culturas em meio liquido, sendo rápido e automático, constituindo em uma boa técnica para a determinação das condições ambientais ótimas para crescimento de fungos filamentosos.
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